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NEW PROCESS 

Field of Invention 

The present invention relates to novel resolution methods, which are useful in the 
5 preparation of enantiomerically enriched iniermediates which in their turn are useful in the 
preparation of compounds with a pharmacological effect on the insulin resistance svTidrome 
(IRS). 

Background of Inveniion 

Enantiomers can be produced using various techniques e.g. classical resolution by 
10 crystallisation of diastereomeric salts of the racemate, enzymatic resolution, chromatographic 
separation of the enantiomers. separation of the racemate by chiral chromatosraphy as well as 
by different enantioselective synthetic techniques. 

There is, however, a need to select a suitable combination of process steps as well as 
suitable conditions of each individual step in order to achieve an enantiomeric purity, which is 
15 sufficient to provide a pharmaceutically and economically feasible process. 

It is such a process that the present invention sets out to detme, and more paniculariv 
for the preparation of the (^5j-enantiomer of cenain 2-ethoxy-3-(4-hydroxyphenyl) propanoic 
acids and derivauves thereof 
Summary of Invention 

20 The present invention relates to a process for the preparation of the rS-enantiomer of a 

compound of the general formula I, comprising reacting a racemic compound according to the 
general formula II with a chiral amine, thereby forming a diastereomeric salt according to the 
general fonmula III, subsequently separating the diastereomers by crystallisation followed by 
removal of the amine and thereafter, if suitable or necessary, deprotecting the compound so 

25 obtained vvith.a deprotecting agent. Opnonally a free carboxylic acid function may in. the end 
be protected with the group R^. 

The present invention further relates to a process for the preparation of the CS)- 
enantiomer .of a compound of the general formula V, com.prising reacting a racemic 
compound according to the general formula II with a chiral compound, thereby forming a 

30 diastereomeric mixture according to general formula IV, subsequently separating the 

diastereomers by chromatography and/or crystallisation, thereafter treating the resultmg (S)- 
enantiomer of compound IV with a suitable reagent, e.g. an acid or base for removing the 
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chiraJ auxiliary group, and thereafter, if desirable or necessary, deprotecting the resuitine 
. compound so obtained with a deprotecting agent. Optionally a free carboxylic acid fanciicn 
may in the end be protected with the group R^. 

The present invention fiirther relates to a process for the preparation of the (Sj- 
5 enantiomer of a compound of the general formula VII, comprising separating the enanriomers 
of a compound of the general formula VII by chiral chromatography and thereafter, if 
necessary, deprotecting the compound so obtained with a deprotecting agent. 

The present invention further relates to a process for the preparation of a compound of 
the general formula VIII, comprising reducing a compound according to the general formula 
10 VI by for example hydrogenation in the presence of a suitable catalyst. Compound VIII can 
then be further 'processed as described above for compounds according to general formula I or 
V. 

Another aspect of the invention is a compound of the general formula VI 




VI 



wherein Q is a protecting group or H, and A is OH, a chiral auxiliary group or the group OR^, 
wherein R^ is a protecting group and one or more of the hydrogen atoms of the phenyl group 
may be substituted by the equivalent number of halogen atoms. 
20 Detailed D escription of Invention 

More specifically, the present invention relates to a process for the preparation of the 
f'iS^-enantiomer of a compoimd of the general fonnula I, 




O 



25 
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wherein R2 is OH or the group OR^ wherein R** is a protecting group, and one or more of the 
hydrogen atoms of the phenyl group are optionally substituted by the equivalent number of 
halogen atoms, comprising reacting a racemic compound according to the general formula II 




wherein Q is a protecting group or H, and one or more of the hydrogen atoms of the phenyl 
group are optionally substituted by the equivalent number of halogen atoms, with a chiral 
amine, thereby forming a salt according to the general formula III 

10' 




O 



wherein Q is a protecting group or H, and Rl is a chiral amine, and one or more of the 
hydrogen atoms of the phenyl group are optionally substituted by the equivalent number of. 

15 halogen atoms, subsequently separating the diastereomers by crystallisation followed by 
removal of the amine, and thereafter, if desirable, deprotecting the Q group of the resulting 
compound with a deprotecting agent. Optionally a free carboxylic acid function may in the 
end be protected with the group R^. 

The present invention further relates to a process for the preparation of the S- 

20 enantiomer of a compound of the general formula V, 
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wherein A is OH, a chiraJ auxiliary group or the group OR^, wherein is a protecting stc ud. 
and one or more of the hydrogen atoms of the phenyl group are optionally substituted by the 
equivalent number of halogen atoms, comprising 
5 reacting a racemic compound according to the genieral formula II 




O 



wherein Q is a protecting group or H, and one or more of the hydrogen atoms of the phenyl 
10 group are optionally substituted by the equivalent number of halogen atoms, with a chiral 
compound, and where the carboxylic acid function of compound II may be activated before 
• reaction with the chiral compound, thereby forming a diastereomeric mixture of general 
formula IV 




IV 



wherein Q is a protecting group or H, and R3 is a chiral auxiliary group, and one or 
more of the hydrogen atoms of the phenyl group are optionally substituted by the equivalent 
number of halogen atoms, subsequently separating the diastereomers by chromatography 
arid/or crystallisation, thereafter, if desirable, removing the R3 group of the resulting (S)- 
20 enantiomer according to general formula IV with a suitable reagent, such as an acid or base, 
■ and, if desirable, deprotecting the Q group of the resulting (^5;)-enantiomer according to 
general formula IV with a deprotecting agent. Optionally a free carboxylic acid function may 
in the end be protected with the group R**. 

The present invention further relates to a process for the preparation of the {S)- 
25 enantiomer of a compound of the general formula VII, 
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VII 



wherein Q is a protecting group or H, R2 is OH or the group OR^ wherein R" is a protecting 
5 group, and one or more of the hydrogen atoms of the phenyl group are optionally subsiimied 
by Lhe equivalent number of halogen atoms, comprising separating the enantiomers by chiral 
chromatography and thereafter if desirable, deprotecting the Q group of the resulting 
compound with a deprotecting agent, and optionally protecting a free carboxylic acid function 
with the group R*". . 

1 0 The present invention further relates to a process for the preparation of a compound of 

the general foimula VIII, 




VIII 



15 wherein Q is a protecting group or H, A is OH, a chiral auxiliary group or the group OR^ 
wherein R" is a protecting group, and one or more of the hydrogen atoms of the phenyl group 
are optionally substituted by the equivalent number of halogen atoms, 
comprising reducing a compound according to the general formula VT 



20 




VI 
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wherein Q is a proteciing group or H and A is OH, a chiral auxiliary group or the group OR^ 
wherein is a protecting group and one or more of the hydrogen atoms of the phenyl srou- 
may be substituted by the equivalent number of halogen atoms, by for example hydroaenaiicn 
in the presence of a suitable catalyst thereby forming a compound according to the generai 
5 formula VIIl. Com.pound VIII can then be further processed as described above in connection 
with the preparation of a compound according to general formula I or V. 

In a preferred embodiment of the present invention, A in the general formulae VI and 
VIII is OR^ wherein R" is a protecting group selected from the group consisting of H. benzyl 
or C,.i alkyl. 

10 In another prefeired embodiment of the present invention;Q in the generai formulae 

II- VIII is H or a protecting group selected from the group consisting of benzyl, acetyl and C..- 
alkyl, preferably methyl. 

The use of protecting groups generally is described in 'Protective Groups in Organic 
Synthesis', 2nd edition (1991), T.W. Greene Sl P.G.M. Wutz, Wiley-Inierscience. 
.15 . In the phenyl group of the.general formulae I to VIII, one or more of the hydrogen 

. . , atoms may be substituted by the equivalent number of halogen atoms, preferably chlorine or 
bromine or any combination thereof. 

In funher preferred embodiments, the deproteeting agent for Q when.Q is C1.3 alkyl is 
a thiol, preferably C,.g-SH. Ph-SH or salts thereof,-or an acid, preferably hydrogen bromide or 
20 hydrogen iodide. 

In funher preferred embodiments, the deproteeting method for Q when Q is benzyl is 
hydrogenation \n the presence of a suitable hydrogenation catalyst, preferably a palladium 
catalyst, preferably palladium on carbon. 

Suitable chiral amines for use in the present invention include, without limitation, (5)- 
'25 (-)-l-(i-naphthyl)-ethylamme, ("^y-^^l-Cl-phenyO-ethylamine, quinine and analogues thereof, 
particularly quinidine, cmchonine or cinchonidine, (//?.2/?)-(-)-pseudoephednne or analogues 
thereof, (S)-phenyi giycinol, esters of chiral amino acids, aliphatic chiral amines or aromatic 
chiral amines. The most preferred chiral amine is r*S)-(-)-r-(l-naphthyl)-ethylamine. 

In the present invention, the compound according to general formula 11 is reacted with 
30 a chiral compound to give a diastereomeric mixture according to general formula IV. the 

diastereomers afterwards separated by chromatography and/or crystallisation, where the chiral 
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auxiliary group is suitably a chiral amine. The chiral compound is suitably (2R)-2~2Ln\mo-2- 
phenyl-l-ethanol or ^2^;-2-amino-2-phenyiTl -ethanol. 

In the present invention, the compound of the general formula III m.ay be re- 
cr\'stailized before the chiral amine is removed. 

In the present invention, the compound according to general formula V is hydroivsed 
under acidic or basic conditions, which is suitably an inorganic acid and preferablv a strong 
inorganic acid, such as HCL HBr. HI. H.SO^ and/or HNO3. 

In the present invention, the compound according to the general formula is reduced by 
for.example hydrogenation in the presence of a suitable catalyst, preferably palladium on 
carbon. The catalyst may be a chiral catalyst. Group A in the general formula VI is OH. a 
chiral auxiliary group or the group OR\ wherein R'' is a protecting group selected from ihe 
group consisting of H, benzyl or €,.3 aikyl. The chiral auxiliary group is suitably chosen from 
the group of terpenes and oxazolidinones. 

When deprotection of the Q group is suitable or necessary, the compound with a 
deproiecting group is subsequently treated with a deprotecting agent, for €,,3 alkyl proiecting 
groups suitably at an elevated temperature. In this context, "an elevated temperature" relates 
to a temperature in the range of from about 60°C to about 180°C, suitably from 100°C to 
140°C. 

The enantiomeric excess. (e.e.) value is defined as ■ 

e.e. - area of /^5)-isomer - area of /'R ^-isomer 
area of ,^5; -isomer area of (R ^-isomer 

In the present invention, enantiomerically enriched means a compound with an e.e. 
value of at least about 50%, suitably at least 80%, preferably at least 90% and more preferably 
at least 95%. 
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Examp le^ 

The following Examples are intended to illustrate, but in no way limit the scope of rh 
invention. 
5 Example 1 

Ethvl r2.y)-2-efhoxv--.-<'4-hvnrnxvphpnvn p ^rvp^r^^.^. 

a) Preparation of ethyl 2-ethoxyethanoate 

A solution of 2-chloroacetic acid (50 g, 529 mmol, 1.0 eq) in absolute ethanol (1 10 m 
2.2 vol.) was charged to an ethanol solution of sodium ethoxide (494 ml. 21%, 90 a. 1.32 mol 
10 2.5 eq). The temperanire during the charging was kept at 15-25°C. When the charging was 
completed the temperature was raised to 50°C. The reaction mixture was cooled to 15°C whe.r 
>95% conversion was achieved. HCl (g) was then charged until the pH of the mixture was < 
1. When the conversion was >95%'the sluny was cooled to 15°C and neutralized to pH 5-7 
with sodium ethoxide solution (approximately 5-20% of the initially charged amount). After 
15 neutralisation the slurry was cooled to 5''C and ethyl acetate ( 1 50 ml, .3 vol.) was charged. The 

..sodium chloride formed in the reaction was then filtered off and washed with ethyl acetate. 
- The solution was then evaporated. Maximum remaining ethanol was 20%. 

The overall yield of the subtitle compound was 58% of the theoretical value (loss was 
in evaporation). The chemical purity was >99%. 
20 b) Preparation of ethy! 2-ethoxy-3-(4-methoxyphenyl) propenoate 

4-Methoxybensaldehyde (100 g, 734 mmol, 1 .0 eq.) and ethyl 2-exthoxyethanoate 
(1 16 g, 881 mmol, 1.2 eq.) was dissolved in THF (600 ml, 6 vol.) under an atmosphere of 
nitrogen. The solution was cooled to -20°C. To the resulting solution, a solution of potassium 
tert-butoxide (98.8 g, 880 mmol, 1.2 eq) in THF (704 ml, 7.1 vol. corresponding to potassium 
25 tert-butoxide) was slowly charged while maintaining the temperature < -10°C. After the 
charging was completed, the reaction mixture was stiired for 1 hour at a temperature of 
-15°C to -10°C. To the slurry, was then charged glacial acetic acid (53 g, 1.24 mol: 1.4 eq.) 
maintaining the temperature at < -i-5"'C. The THF. was then evaporated until about 1/3 
remained. Toluene (824 ml, 8.24 vol.) was added and the rest of the THF evaporated. .Water 
30 (200 ml, 2 vol.) and methanesulfonic acid (50 ml, 0.5 vol.) were added to the toluene slurry to 
give a pH in the water layer of 2-3. The water layer was separated off The toluene layer was 
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then evaporated to remove the remaining water. To the toluene solution was added 
methanesulfonic acid (2.1 1 g, 22 mmol, 0.03 eq). The toluene solution was refluxed wuh a 
Dean-Starke device connected until full conversion was achieved. The solution was cooied lo 
25°C. The solution was then washed with sodium hydroxide (aq, 48%) (1.83 g, 22 mmoL 0.0 
5 eq.) diluted in water (15 ml). . 

The overall yield of the subtitle compound was approximately 52% of the theoretical 

value. 

c) Preparation of 2-ethoxy-3-(4-methoxyphenyi) propenoic acid 

NaOH (aq., 48%) (122 g, 1.46 mol, 2.0 eq.), water (244 ml, 2.44 vol.) and EtOH (90 
10 mi, 0.9 vol.) were charged to the toluene solution of ethyl 2-ethoxy-3-(4-methoxyphenyl) 
propenoaie (approximately 96 g, 382 mmol: 0.52 eq.). The reaciion mixture was heated lo 
50°C and stirred until full conversion was achieved. After the reaction was complete, the 
toluene layer was separated off and the water layer was then washed with toluene ( 1 00 ml, 1 
vol.). After separation, the water layer was cooled to +5°C and acidified with cone. HCl 
15 (approximately 173 ml, 2. Imoi, 2.9 eq.). The temperature was kept < 10°C during the 
charging of the acid. EtOAc (100 ml, 1 vol.) was added to the acidic water slurry. After 
extraction the phases were separated. The EtOAc solution was evaporated and toluene (2SS 
ml, 3 vol.) was added. The toluene solution was seeded with 2-ethoxy-3-(4-methoxyphenyl) 
propenoic acid, and cooled to 0°C. After crystallisation the material was filtered. The wet 
20 substance was used without drying in the subsequent step. 

The overall yield of the subtitle compound was 42%"of the theoretical value for step b 
& c together. The chemical purity was 99.7 %. 
d) Preparation of 2-ethoxy-3-(4-methoxyphenyl) propanoic acid 

Palladium on charcoal (5%, 60% water wet) (13.2 g, 0.26 g Pd, 2.44 mmol Pd. 0.0054 
. 25 eq.) was charged to a solution of 2-ethoxy-3-(4-methoxyphenyl) propenoic acid (100 g, 450 
mmol, LO eq.) in ethanol (800 ml, 8 vol.) under a nitrogen atmosphere. The vessel was then 
pressurized with hydrogen to 4 bar total pressure. The hydrogenation was continued until full 
conversion was achieved. The catalyst was filtered, off and the ethanol was evaporated under 
vacuum. Toluene (500 ml, 5 vol.) was added and then evaporated off. The residue was 
30 dissolved in toluene (500 ml, 5 vol.) and evaporated to a volume of 260 ml. The solution was 
heated to 50°C and isooctane (800 ml, 8 vol.) was added. The solution was cooled to 35=^0 
.and then seeded with 2-ethoxy-3-(4-methoxyphenyl) propanoic acid. The temperature was 
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maintained at 35«C for 30 mm. The thin slurry was then cooled at a rate of lO^C/hour down 
-5^C which was mamtained overnight. The crystals were then filtered off and washed with 
isooctane (220 ml, 2.2 vol.) The crystals were dried under vacuum at 30°C. 

The yield of the subtitle compound was 88% of the theoretical value. The chemical 
5 purity was 99.8 %. 

e) Preparation of -naphthyl)-l-ethanaminium (2^-2-ethoxy-3-(4-methoxyphenyl) 

propanoate 

A solution of 2-ethoxY-3-(4-methoxyphenyl) propionic acid (100 446 mmoL 1 .0 
eq.) in i-PrOAc (2000 ml 20 vol.) was stirred at 0-5°C under a nitrogen atmosphere. (S)-(-)-i 
10 (I-naphthyl) ethylamine (45.8 268 mmol, 0.6 eq.) was added to the resulting solution. The 
resulting suspension was heated to 75-80°C to dissolve all particles, thereby achievina a 
solution. The solution was then cooled and seeded with (25)-2-ethoxy-3-(4-methoxypheny]) 
propanoic acid (^-(-)- l-(I-naphthyl) ethylamine salt. The desired diastereomeric salt was 
collected by filtration. The crv'stals were washed with i-PrOAc. 
1 5 The (25^-2-ethoxy-3-(4-methoxyphenYl) propanoic acid (S)~(-)- 1 -( 1 -naphthy 1) 

ethylamine salt obtained (67 g, 169 mmoi, 1.0 eq.) was dissolved by heating to 7i-80^C in 
isopropylacetate (1340 ml, 20 vol.). The product obtained was collected by filtration, washed 
with isopropylacetate and dried under vacuum, at 40°C, to a constant weight. 

The overall yield over the two crystallisation steps was 74% of the theoretical value. 
20 The chemical purity was > 99%. The enantiomeric excess (e.e.) was 97.8%. 
0 Preparation of (2^-ethoxy-3-(4-hydroxyphenyl) propanoic acid 

(25}-2-ethoxy-3-(4-methoxyphenyl) propanoic acid (^-(-)- 1 -( 1 -naphthy 1) ethylamine 
salt (lOOg, 253 mmol, 1.0 eq.) was suspended in toluene. The mixture was then treated with 
NaOH (11.1 g. 278 mmol, 1.1 eq.) in water (280 ml, 5 vol.). The upper toluene layer 
25 containing the chiral amine was separated. The lower aq. layer was washed with two more 
ponions of toluene (280 ml, 5 vol.). The lower aq. layer was acidified to pH = 1 with aq. 37% 
HCl (30 g, 304 mmol 1.2 eq.). The water solution containing (S)-2-ethoxy-3-(4- 
methoxyphenyl) propanoic acid was extracted with two portions of EtOAc (280 ml. 5 vol.). 
The combined EtOAc extract was washed with one portion of water (280 ml, 5 vol.). The 
30 solvent was replaced with NMP under reduced pressure. 
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NaOH (beads) (45.5 g, 1.14 mol. 4.5 eq.) and ocianethiol (129 g, 154 ml, 884 mmoi. 3.5 eq.) 
were charged to the solution of (S)-2-ethoxy-3-(4-methoxyphenyl) propanoic acid 
(approximately 56.6 g, 253 mmol, 1.0 eq.) in NMP (680 ml, 12 vol.) under a nitrosen 
atmosphere. The reaction mixture was heated to 120°C and kept at 1 15-125''C until the 
5 reaction was complete as determined by HPLC. , 

The reaction mixture was cooled to 60°C and then quenched with water. The pH was 
then adjusted to 2-3 with cone. HCl. The temperature was maintained at 60-70°C. Two 1 avers 
were formed, the upper layer of which containing mainly octanethiol and the corre-spondins 
methyl ether (formed in the reaction). The layers were separated and the layer containing 
10 water and NMP was concentrated to 3-4 volumes under vacuum at 80-100 ''C inner 
temperature. 

The residue was extracted with a mixture of H.O:EtOAc. The EtOAc solution was 
subsequently washed 3 times with a 15% NaCl solution. The EtOAc was evaporated and the 
residue was directly used in the subsequent step or could also be crystallized from toluene to 
15 yield a white solid. . 

The yield was 52% using crystallisation. 90% using only evaporation. The chemical 
purity was 99.8%. The enantiomeric excess (e.e.) was 97.8%. 
g) Preparation of ethyl (25)-2-eihoxy-3-(4-hydroxyphenyl) propanoate 

(251-2-ethoxy-3-(4-hydroxyphenyI) propanoic acid (874 g, 4.16 moL 1.0 eq.) was 
20 dissolved in EtOAc (1250 ml). To this solution were charged ethanoi (3000 ml) and HCI 
(37%, aq.) (40 ml, 0.48 moL 0,12 eq.). The solution was heated to boiling (about 72''C) and 
water/EtOAc/EtOH (2000 ml) was distilled off. Another ponion of EtOH (2000 ml) was 
charged and another 2000 ml was distilled off This procedure was repeated once more. At 
this point approximately 95% conversion was reached. Then EtOH (99.5%), 1000 mi) was 
25 added and evaporated off This was repeated until a conversion of > 97.5% was achieved. The 
solution was then concentrated to a volume of 1700-2000 ml under vacuum and then cooled 
to 20*^0. 

The ElOAc solution containing ethyl (5^-2-ethoxy-3-(4-hydroxyphenyl) propanoate 
was then charged slowly (30-40 min) under vigorous stirring to a solution of NaHCOj (7% 
30 w/w, 3500 ml). Crystallisation occured after a few minutes. After charging, the slurry was 
cooled to 0-5°C and then stirred at 0-5°C for at least one hour. The crystals were then filtered 
off and dried under vacuum. 
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The yield was about 93%. The chemical purity was > 99%. The enantiomenc e> 
(e.e.) was > 97. S %, 



5 Example 2 

Ethvl r2.S^-2- ethoxv-3-M-hvdrox\T3henvn propanoate 
. a) Preparation of ethyl 2-chloro-2-ethoxy ethanoatc 

Ethyl 2,2-diethoxy eihanoaie (47.5 kg, 263 mol) was treated for 20 h at 60 =C with 
iodine (0.1 kg) and aceiylchloride (21.9 kg, 279 mol, addition time 2 h). The resulting low 
1 0 boiling reaction by-products were distilled off at 40 °C/1 70 mbar resulting in a dark-colored 
liquid (50 kg, GLC: 89% area, 100 % yield (content corrected), 
b) Preparation of (1 ,2-Diethoxy-2-oxoethyl)(triphenyi)phosphonium chloride 

Ethyl 2-chloro-2-ethoxy ethanoate (50 kg, 268 mol) was added over 70 min at 20-30 
°C to a solution of tnphenylphosphine (7L6 kg, 261.8 mol) dissolved in CH.CK (102 L). For 
15 13 h the reaction was kept at 20 °C. CH,CK was then distilled off and TBME (230 L) was 
added. Upon seeding the material crystallized in big clusters that could not be removed from 
the reactor. The liquid parts were decanted off. The material was then dried in the reactor by 
distilling off remaining TBME O'acket temperature of 40 °C and full vacuum). From an 
aliquot of the original suspension the yield was calculated to be 100% (1 28 ks, GLC; 92 % 
20 area). 

c) Preparation of ethyl 3-[4-(benzyloxy)phenyi]-2-ethoxy-2-propenoate 

The cr>'stals of ( 1 ,2-diethoxy-2-oxocihyl)CLriphenyl)phosphonium chlonde in ihe 
reactor were dissolved in CH2CK(290 L) followed by the addition of 

4-ben2yloxyberizaldehyde (44,2 kg, 208 mol, yield is based on this chemical). To this solution 
25 tetramethylguanidine (25.4 kg, 220 mol) was added in 1 hour. The solution was then stirred 
for 20 hours at 20 CH.CK (200 L) was distilled off and at an T^ of 30°C replaced with 
TBME (280 I). The crystals of TPPO formed were filtered off at 20 °C and the mother-liquor 
was concentrated until a new precipitate was formed. The TPPO was filtered off again and the 
mother-liquor was concentrated until no more solvents distilled. 2-Propanol (260 L) and 
30-. seeding crystals (ethyl 3-[4-(benzyloxy)phenyi]-2-ethoxy-2-propenoate) (50 g) were added 
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before cooling to 0 °C. The resulting suspension .was filtered and the isolated material dried at 
40°C/160 mbar. The overall yield was 44.5 kg, 65% (GLC: 99% area), 
d) Preparation of ethyl 3-[4-(benzyloxy)phenyl]-2-ethoxy-2-propanoate 

Ethyl 3-[4-(benzyLoxy)phenyl]-2-ethoxy-2-propenoate was convened to ethyi 3-f4- 
5 (benizyloxy)phenyl]-2-ethoxy-2-propanoate in two identically sized trials. Ethvl 3-r4- 

(benzyioxy)phenyl]-2-ethoxy-2-propenoate (16 kg, 48.5 mol) was dissolved in EtOAc (SO L) 
and Pd/C 10%o (0.79 kg) suspended in EtOAc (2.5 L) was added. The vessel was inenised and 
filled with H,. The hydrogenation was initiated by starting the stirrer and lasted 26 hours. The 
catalyst was filtered off (glass filter/Cellite (2.5 kg)). The filtrates of both trials were 
10 combined and washed with 1 M NaOH (60 L) and saturated NaCl solution (20 L). The clear 
organic phase was concentrated in vacuo/5Q°C to yield 30.6 kg, 9l%i ethyl 3-[4- ■ 
(benzyloxy)phenyl]-2-ethoxy-2-propanoate (GLC 94.4 % area). 

e) Preparation of 3-[4-(benzYloxy)phenyl]-2-ethoxypropanoic acid 

Ethyl 3-[4-(benzyloxy)phenyl]-2-ethoxy-2-propanoate (30.6 kg, 87.9 mol) was 
15 dissolved in EtOH (205 L). NaOH 30% (15.6 kg, 1 14 mol) was added in 12 min. The clear 
solution was stirred for 9 h at 20°C and 3 hours at 0°C. Water (91 L) was added and EtOH 
distilled off (195 L, jacket temperature 40°C/1 10 mbar). TBME (122 L) was added and the 
emul-sion cooled to 0°C. To the well stirred emulsion, H.SO4 (46 L) was added in 50 minutes. 
The layers were separated and the aqueous layer extracted with TBME ( 122 L). The combined 
20 organic layers were washed with saturated NaCl solution (62 and concen-trated- i/i 
vacuo/45°C to yield 30.6 kg, 100% (GLC 89 %area). 

f) Preparation of 3-[4-(benzyloxy)phenyi]-2-ethoxy-N-[r7/?>2-hydrcxy- i - 
phenylethyljpropanamide 

3-[4-(Benzylaxy)phenyl]-2-ethoxypropanoic acid (30.6 kg, 88 mol) and DMAP (12.9 
25 kg) were dissolved in CH2CL(192 L) and cooled to 0 °C. To the clear solution EDCxHCi 
(20.2 kg) was added in 10 minutes. In 18 minutes a solution of (27?)-2-amino-2-phenyl- 1 - 
ethanol (14.5 kg, 105.6 mol) in CH,CL(60 L) was added, keeping the temperature below 
2 °C. The reaction mixture was kept at 0 °C for 2 hours and then heated to reflux for ca. 3 
hours. The solvent was then distilled off (1 10 L), EtOAc (1 10 L) was added and the 
30 temperature lowered to 10 ""C. Over 30 min IM H,S04 (1 10 L, 110 mol) was added, the 
phases separated and the organic phase extracted with HtS04 (1 1 0 L, 110 mol). To. the 
combined organic phases, 1 10 L EtOAc and 1 M NaOH (1 10 L, 110 mol) were added at 
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IO°C (pH 10). The phases were separated and the organic phase washed with sauirated N*aC 
solution. 

g) Preparation of /'i'^;-3-[4-(benzyioxy)phenyi]-2-ethoxy-N-[(^y7^;-2-hydroxY- i - 
phenylethyl]propanamide 

5 The EtOAc was distilled off (460 L) to yield a white suspension that was fiitered. 

washed six times with EtOAc/hepcane 1:1 (totally 15 L). The filtercake was set aside ((R) 
isomer) and the mother-liquor concentrated to yield 22.15 kg, 54% (GLC 5 L7% (25)-3-[4- 
(benzyloxy)phenyl]-2-ethoxy-N-[(iy?)-(2-hydroxy- 1 -phenylethyijpropanamide, 2 1 .S% (27^)- 
[4-(ben2yloxy)phenyl]-2-ethoxy-N-[(li^)-2-hydroxy-l-phenylethyl]propanamide). 
10 The crude enriched material (14.4 kg) was chromato graphed in two batches over silic 

gel (totally SO kg) using MeOH/CH,CI, 1:99 (800 L) as mobile phase. A total of 4.4 ks. 51% 
(93% chemical punty, pure (25)-3-[4-(benzyioxy)phenyl]-2-ethoxy-N-r(l/?)-(2-hvdroxv-] - 
phenylethyljpropanamide enantiomer) was obtained, 
h) Preparation of (25>)-3-[4-(ben2yloxy)phenyl]-2-ethoxypropanoic acid 
15 r25;-3-[4-(ben2Yioxy)phenyI]-2-ethoxy-N-[(i;^)-2-hydroxy-l- 

phenylethyljpropanamide (4.3 kg, 10.2 mol) were dissolved in dioxane (30 L) and diluted 
with deionized water (35 L). To this opaque reaction mixture, H.SO^ (19.2 kg, 192 moi) was 
added. The reaction temperature was raised to 80 °C and kept at 80 °C for 15 hours. The 
reaction mixture was extracted twice with TBME (64 L, 70 L) at room temperature. The 
20. combined organic phases were extracted twice with I M NaOH (2x20 L, 2 x 20 mcl). The 
aqueous phases were acidified with H.SO, (24 L, 24 mol), extracted with TBME (40 L) and 
the organic phases dried with saturated NaCl solution. The solution was concentrated to yield 
64 L concentrate which contained 2.9 kg, 100% (GLC 68% area r25;-3-[4- 
(benzy!oxy)phenyI]-2-ethoxypropanoic acid and 28% area r25;-2-ethoxy-(4- 
25 hydroxyphenyl)propanoic acid). 

i) Preparation of (2^-2-ethoxy-(4-hydroxyphenyl)propanoic acid 

■ To the TBME solution of /'25'j-3-[4-(ben2yloxy)pheay!]-2-ethoxypropanoic acid, 10 % 
Pd/C (totally 204 g) was added and 0.2 bar hydrogen pressure applied. The hydrogenation 
lasted 2 . hours. The catalyst was filtered off and the solution concentrated (50°C/12 mbar iTnai 
30 pressure). Since this crude oil still contained 12% area toluene (by GLC) the residual oil was 
stripped 5 times with EtOH (5^1 L) until no more toluene was detected in the crude material. 
2.2 kg, 92% (GLC: 96%> area) of slowly crystallizing oil was obtained. 
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j) Preparation of ethyl (2^-2-ethoxy-(4-hydroxyphenyl)propanoate 

Gaseous HCl (2.95 kg) was absorbed into EtOH (10 L) at 0°-4 =*C (titrated fmai 
content: 24.7% w/v). The temperature rose towards the end to 17°C at which f2S)-2-c:hoxy- 
5 (4-hydroxyphenyi)propanoic acid (2.08 kg, 9.9 mol) was added. The temperature was 

increased to 80°C and thionyl chloride (1.97 kg, 14.8 mol) was added carefully oyer I hour. 
The clear solution was kept at reflux for 2 hours and then stirred at.20°C for 10 h. The 
solution was then concentrated in vacuo/4Q°C to yield 1.98 kg crude ethyl (25)-2-ethoxy-3-(4- 
hydroxyphenyOpropanoate (slowly crystallizing oil). The crude material was dissolved in 
10 EtOAc ( 10 L) and heptane (31 L) and filtered through silica gel (4.0 kg). The silica was 

washed with EtOAc/heptane = 1 :3 ( 12 L) and the filtrate concentrated (45='C/30 mbar) to yield 
1.8 kg crystallizing oil. To this EtOAc (1.2 L) and heptane (3.6 L) was added, heated to 40 ""C 
to obtain a clear solution and slowly cooled to 20 °C. Occasionally while cooling down 
seeding crystals (ethyl (2y)-2-ethoxy-3-(4-hydroxyphenyl)propanqate) (pure enantiomcr) were 
15 added. After 2 hours at 0-2°C the crystals were filtered off, washed with EtOAc/heptane =1:3 
(2.0 L) in 3 portions (0°C), EtOAc/heptane=l :7 (2.0 L) in 4 portions (0°C) and heptane (1 .6 
L). The off-white crystals were dried on a rotary evaporator (40''C/15 mbar, constant weight) 
to yield 1 .09 kg, 48% (GLC: 98.4% area., ec-HPLC 98;7% area). 

20 Example 3 

Ethvl ^2^j-2-ethQxy-( 4-hydroxyphenynpropanoate " 

0 Preparation of 3-[4-(ben2yloxy)phenyl]-2-ethoxy-N-[Cy5>(^-hydroxy-l - 
phenylethyljpropanamide 

3-[4-(benzyloxy)phenyl]-2-ethoxY-N-[C/5>(^-hydroxy-l-phenylethyl]propanamide 
25 was prepared according to step a) to f) in Example 2, using ^2iS'J-2-amino-2-phenyl- 1 -eihanol. 
g) Preparation of f25>3-[4-(ben2yloxy)phenyl]-2-ethoxypropanoic acid 

The diastereomeric mixture (21.6 kg, 51.6 mol, (25^-3-[4-(ben2yloxy)phenyl]-2- 
.ethoxy-N-[(15)-(2-hydroxy-l-phenylethyl]propanamide/(2^)-3-[4-(benzyloxy)phenyi]-2- 
ethoxy-N-[(15)-(2-hydroxy-l -phenylethyljpropanamide) was suspended in ethyl acetate (113 
30 L) and heated to reflux for 30 min. The solution was slowly (I h) cooled to 36-40°C and 
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heptane (1 13 L) was added under vigorous stirring over 2 h. The mixture was cooled to 15^C 
over 4 h. 

The material was filtered off and washed with a mixture of ethyl acetate and heptane 
(1:1; i 1 3 L) to yield 5.36 kg of a white solid (HPLC: 97.2 % area (25)-3-[4- 
5 (benzyloxy)phenyI]-2-ethoxy-N-[(15)-(2-hydroxy-l:-phenylethyl]propanamide; 2.8 % area 
(2;?)0-[4-(benzyloxy)phenyl]-2-ethoxy-N-[(I^-{2-hydroxy-l-phenyl^ 
h) Preparation of ^5;-3-[4-{ben2yloxy)phenyl]-2-ethoxypropanoic acid 

To the reactor was charged deionized water (35.7 L), via the dropping funnel cone. 
(1 0 L; 1 78.97 mol) was added under cooling (the inner temperature was mamtamed 
0 below 1 0°C), The solution was transfenred to a dropping funnel and the reactor was charged 
with 1,2-Dimethoxyethane (49.5 L) and r^5;-3-[4-(ben2yloxy)phenyl]-2-ethoxy-N^-[r/5y-( 2- 
hydroxy-l-phenylethyl]propanamide (5.363 kg; 12.78 mol; enantiomenc purity: HPLC: 
96.5% (25)-3-[4-(benzyloxy)phenyI]-2-ethoxy-N-[(15)-(2-hydroxy-l-phenylethyl]- 
propanamide; 3.5 % (2/2)-3-[4-(benzyloxy)phenyl]-2-ethoxy-N-[(l5)-(2-hydroxy- 1 - 
5 phenylethyljpropanamide). 

To the white suspension the H.SO, solution was added over 1 h (inner temperature 
20°C). The reaction mixture was heated to 80°C jacket temperature: 90°C) for 1 5 h. The 
reaction mixture was cooled to 20°C TBME (85 L) was added, the mixture was stirred for 20 
min and the phases were separated. The aqueous layer was extracted with TBME (84 L). The 
) organic layers were combined and extracted three times with 1 M NaOH (23 L, 23 L. 15 L). 
The aqueous layers. were combined and 1 M H^SO, was added until pH L was achieved (46.5 
L were necessary). . 

The aqueous phase was extracted with TBME (80 L). After drying with Na.SO, (3.37 
kg), the solvent- was removed under reduced pressure to obtain 4.087 kg of ^5;-3-[4- 
(benzyloxy)phenyl]-2-ethoxypropanoic acid (enantiomeric purity: HPLC: 96.6% area (2S)-3- 
[4-(benzyioxy)phenyl]-2-ethoxypropanoic acid), 
i) Preparation of ethyl C-5;j-2-ethoxy-(4-hydroxyphenyl)propanoate 

The reactor was charged with ethanol (12 L), HCl gas was bubbled through for 7 h. 
The inner temperature was kept below 10°C - intensive cooling was necessary. By titration, 
the content of HCI was determined to be 32.9%. 5 L of the ethanolic HCl were removed, to 
the residual amount (ca. 10 L) r2*y>3-[4-(benzyloxy)phenyl]-2-ethoxypropanoic acid (4.08 kg, 
12.78 mol, calculated on the assumption of 100% yield in the fonner step h) was added. The 
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suspension was siowiy (over I h) warmed up to 20°C. To the resulting solution, 
thionylchloride (1.85 25.56 mol, 2 equiv.) was added over 30 min - gas was deveioped 
heavily. The reaction mixture was slowly heated (jacket temperature: 65°C)! At 35 =C inner 
temperature the development of gas was so vigorous, that the washer was overburdened. The 
5 "heating was stopped and the inner temperature was kept at 35°C for 15rnin. Then heating was 
continued and the reaction mixture was kept under reflux for 2h 30 min. Since conversion was 
not complete (GC: 46.6% of f'25>ethoxy-3-(4-hydroxyphenyl) propanoic acid), additional 
ethanolic HCl (5 L) and additional thionylchloride (I L, 13.81 mol) was added and heating 
was continued for 12 h. Still conversion was not complete (GC: 5.3 % of ^2^>ethoxy-3-(4- 
10 hydroxyphenyl) propanoic acid) and HCl-gas was bubbled through the reaction solution at 0 - 
5^C for 2 h. Then heating to reflux was continued for 2 h 30 min. Nearly complete conversion 
was achieved (GC: 1.1% of f'2*Sy-ethoxy-3-(4-hydroxyphenyl) propanoic acid). The solvent 
was removed by. distillation under reduced pressure (jacket temperature: 40-50°C: 250-40 
-mbar). 

15 The remaining oil (3.778 kg, GC: 70.6% of ethyl C25;j-2-ethoxy-(4-hydrox>phenyl)- 

propanoate; chiral purity: 96.7% of ethyl (^2*5i)-2-ethoxy-(4-hydroxyphenyl)propanoate) was 
dissolved in ethyl acetate (11 L). The solution was washed with NaHC03 (10.5 L). The 
aqueous phase was re-extracted twice with ethyl acetate (2x7 L): The organic layers were 
combined, dried with Na.S04 (1.276 kg) and the solvent was removed in vacuum (jacket 

20 temperature: 40''C; 150-50 mbar) to yield 3.76 kg of a brown oil. 

The crude product was dissolved in ethyl acetate (3.5 L), under vigorous. stirring 
heptane (7 L) was added over 20 min at 20-23 °C (inner temperature). The solution v. as slow; 
(over 1 h 35 min) cooled to 0°C. No precipitation was observed and the solution was seeded 
with 1.6 g of ethyl C25j-2-ethoxy-(4-hydroxyphenyl)propanoate and cooled to -5 "^C over 2 h. 

25 The suspension was stirred for 22 h at -5°C. The solid was filtered off and washed with 
heptane (6 L). After drying (24 h, jacket temperature: 40°C) 1.578 kg of a beige solid was 
obtained (GC: 99.5%) area; HPLC: chiral purity: 100% ). Yield: 52% (calculated on (^25y-3-[^- 
(ben2yloxy)phenyl]-2-ethoxy-N-[C7iS'X2-hydroxy-l-phenylethyl]propanamide. 

The mother liquor was reduced (6 L of solvent were distilled off). At 15°C ethyl 

30 acetate (0.5 L) was added and the cloudy solution was cooled to 2°C and stirring was 
continued for 15 h. The suspension was filtered off and washed with heptane (4 L). The 
brown solid (wet, 295.2g) was re-crystallized from ethyl acetate (300 mL) and heptane (900 
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mL) to yield after drvnng 155.8 g of a beige solid (GC purity: 97.7% area.; chiral HPLC e.e.; 
100%). 

1055.6 g of ethyl (2^-2-eihoxy-(4-hydroxyphenyl)propanoate were suspended in ethyl 
acetate (685 mL) and in heptane (2055 mL). At 38°C inner temperature a clear solution was 
5 achieved. The solution was cooled slowly (1 h 20 min) to 27°C inner temperature. The 
solution was seeded with 1 g of ethyl (25)-2-ethoxy-(4-hydroxyphenyl)propanoate. Cooling 
was continued to OX within I h 30 min. Precipitation staned at 15°C. The suspension was 
filtered off and washed with heptane/ethyl acetate 7:1 (IL). After drying, 783.4g (GC: 98.7%) 
of a beige powder were obtained. 
10 ■ 

.Abbrevations 

DMAP = N,N-dimethyiaminopyridine 
DMF = dimethyl formamide 
- EDC - 1 -(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
15 e.e. = enantiomeric excess 
Et = ethyl 

EtOAc = ethyl acetate 
•GLC- gas-liquid chromatography 
HPLC = high-pressure liquid chromatography 
20 i-PrOAc = isopropyl acetate 

NMP ^ N-methyl-2-pyrroHcrmone 
Ph = phenvi 

TBME = terr-buiyl methyl ether 
THF = tetrahydrofuran 
25 TPPO= Triphenyl phosphine oxide 
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Claims 



I. A process for the preparation of the (^5>enantiomer of a compoundof the aenerai 
formula I, 




I 



wherein R2 is OH or the group OR^, wherein is a protecting group, arid one or more of the 
hydrogen atoms of the phenyl group may optionally be substituted by the equivalent number 
of halogen atoms, comprising reacting a racemic compound according to the general 
10 formula II 



Q 




OH 



II 



wherein Q is a protecting group or H, and one or more of the hydrogen atoms of the phenyl 
group-are optionally substimted by the equivalent number of halogen atoms, 
with a chiral amine, thereby forming a salt according to the general formula III 



15 




O R1 



wherein Q is a protecting group or H, and RI is a chiral amime, and one or more of the 
hydrogen atoms of the phenyl group are optionally substituted by the equivalent number of 
halogen atoms, subsequently separating the diastereomers by crystallisation followed by 
20 removal of the amine, and thereafter, if desirable, deprotecting the Q group of the resulting 
compound with a deprotecting agent, and optionally protecting a free carboxylic acid function 
with the group R^. 
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2. The process according to claim 1, wherein the chiral .amine is -(l-naphthvlV 
ethylamine. 

5 3. The process according to claim 1 or 2; wherein the compound of the general formula 
III is recrystallised before the chiral amine is removed. 

4, A process for the preparation of the (iS^-enantiomer of a compound of the general 
formula V, 




V 



wherein A is OH, a chiral auxiliary group or the group OR^ wherein is a protecting group, 
and one or more of the hydrogen atoms of the phenyl group are optionally substituted by the 
equivalent number of halogen atoms, comprising reacting a racemic compound according to 
15 the general formula U 




O 



wherein Q is a protecting group or H, and one or more of the hydrogen atoms of the phenyl 
20 group are optionally substituted by the equivalent number of halogen atoms, 

with a chiral compoimd, thereby forming a diastereomeric mixture of general fomiula IV 
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IV 



O 



wherein Q is a protecting group or H, and R3 is a chiral auxiliary group, and one or more of 
the hydrogen atoms of the phenyl group are optionally substituted by the equivalent number 
5 of halogen atoms, subsequently separating the diastereomers by chromatography and/or 
crystallisation, thereafter, if desirable,.removing the R3 group of the resulting f^i^-enantiomer 
according to general formula IV with a suitable reagent, such as an acid or base, and, if 
desirable, deprotecting the Q group of the resulting flS^-enantiomer according to general 
formula W with a deprotecting agent, and optionally protecting a free carboxylic acid 
1 0 function. with the group R^. 

5. The process according to claim 4, wherein the chiral compound is a chiral amine. or a 
chiral alcohol, preferably (2i2)-2-amino-2-phenyl-l-ethanol or (25)-2-amino-2-pheny]-l- 
ethanoL . - 

15 

6: A process for the preparation of the (iS)-enantiomer of a compound of the general 
fomiula VII, 




VII 



O 



20 wherein Q is a protecting group or H, R2 is OH or the group OR^ wherein R^ is a protectmg 
group, and one or more of the hydrogen atoms of the phenyl group are optionally substituted 
by the equivalent number of halogen atoms, comprising separating the enantiomers by chiral 
chromatography and thereafter, if desirable, deprotecting the Q group of the resulting 
compound with a deprotecting agent, and optionally protecting a free carboxylic acid function 

25 with the group R^. 
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7, The process according to any previous claim, wherein is a protecting group selecced 
from the group consisting of H, benzyi or C,.3 alkyl. 

5 8. The process according to any previous claim, wherein Qys a protecting group selected 
from the group consisting of benzyl, acetyl and C,., alkyl, preferably methyl. 

9. The process according to claim S, wherein Q is C,.3 alkyl and the deprotecting agent is 
a thiol. 

10 

10. The process according to claim 9, wherein the thiol is selected from the group 
consisting of Ci.g-SH, Ph-SH and salts thereof 

1 1 . The process according claim 8, wherein Q is €,.3 alkyl and the deprotecting agent is an 
15 acid. 

12. The process according to claim 11, wherein the acid is hydrogen bromide or hydrogen 
iodide, 

.20 13. The process according to any one of claims 9-12. wherein the temperature in the 
deprotecting step lies in the range of from about 60 °C to about 1 80°C. 

14. The process according to claim 8, wherein Q is benzyl and the deprotectin^i method is 
hydrogenation in the presence of a catalyst. 

25 

15. A process for the preparation of a compound of the general formula VIII, 
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wherein Q is a protecting group or H, and A is OH, a chiral auxiliary group or the group OR^, 
wherein is a protecting group, and one or more of the hydrogen atoms of the phenyl group 
are optionally substituted by the equivalent number of halogen atoms. 



5 comprising reducing a compound according to the general formula VI 



O 




Q 



O 




o 



A 



VI 



wherein Q is a protecting group or H, and A is OH, a chiral auxihary group or the group OR^, 
10 wherein R^ is a protecting group, and one or more of the hydrogen atoms of the phenyl group 
are optionally substituted by the equivalent number of halogen atoms, 
using hydrogenation in the presence of a catalyst, • 



17. The process according to claim 15 or 16, wherein the hydrogenation is performed in 
the presence of a chiral catalyst. 

18. The process according to any previous claim, wherein the one or more halogen atoms 
20 of the general formulae I-Vm are selected from the group consisting of chlorine and bromine 

and any combination thereof. 

19. A compoimd of the general fonmula VI 



16. 



The process according to claim 15, wherein A is a chiral auxiliary group. 



15 




25 



O 
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wherein Q is a protecting group or H, and A is OH, a chirai auxiliary group or the group OR*, 
wherein is a protecting group, and one or more of the hydrogen atoms of the phenyl erouo 
may be substituted by the equivalent number of halogen atoms. 

20. The compound according to claim 19, wherein Rp is a protecting group selected from 
the group consisting of H, benzyl and C,.3 alkyl. 

2 1 . The compounds according to any one of claims 1 9-20, wherein the one or more 
halogen atoms are selected from the group consisting of chlorine and bromine and any 
combination thereof. 
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